Purpose: to review the scientific literature and present existing instruments and methods for the objective assessment of the listening effort in normal hearing individuals worldwide. Methods: a literature integrative review whose purpose was to gather and summarize the scientific knowledge regarding the objective methods theme for measuring the listening effort, developed through the search of articles in specialized national and international journals, in the English and Portuguese languages, available in the databases: PUBMED, Cochrane Library, LILACS and SCIELO. Results: 18 articles which used physiological methods to measure the listening effort in individuals with normal hearing were reviewed. The main findings described in those articles refer to the author(s) and purpose(s) of the research, country where the research was conducted, casuistry, physiological method used and results. Conclusion: there is no consensus among the researchers about the best physiological method to measure this parameter, that is, this effort in the speech perception tasks, although the level of skin conductance is considered the most accurate measure to date.
INTRODUCTION
In recent years, the areas of cognitive psychology and audiology have been dedicating to find the most appropriate method to measure listening effort, using different instruments to quantify this phenomenon both through subjective procedures and objective procedures. In the subjective assessment, questionnaires 1,2 , classification scales 3 or self-report methods have been used. Although these methods are easy and quick to apply, the use of an objective method to quantify such cognitive effort in clinical settings would be invaluable in obtaining more accurate and reliable results.
In the literature, there are different approaches to estimate listening effort objectively. One of the measurement methods employed by researchers who study this topic is pupillometry [4] [5] [6] . In these studies, the speech stimulus used to the listening effort assessment were sentences presented in different signal-to-noise ratios, the expected response was the repetition of these sentences and the increase in pupil diameter was interpreted as an increase of the listening effort.
Other studies used different physiological measures to investigate and quantify the listening effort, including heart rate variability (HRV), skin conductance and temperature, and electromyographic (EMG) activity. The authors stated that these measures could be used as possible indexes of listening effort 7 .
As well as in pupillometry studies, physiological data were recorded during a speech recognition task and, as far as the task demand increased, electromyographic activity and skin conductance also increased.
Authors [8] [9] [10] reported that changes in cardiac measurements and skin conductance are commonly noticed when mental demands of the tasks are increased. Other authors 11, 12 determined changes in breath, electromyography, electroencephalography activity and skin temperature during listening effort assessment, but these measurements were less consistent to quantify this effort.
A review study on listening effort 13 concluded that the lack of uniformity in the methods employed for the assessment of this parameter is due to the different assumptions of the professionals involved in the area. Therefore, these authors 13 recommended that researchers consider these assumptions in interpreting their data and, whenever possible, make predictions based on current theoretical knowledge to increase understanding about the underlying mechanisms of listening effort.
Although the international literature presents several studies that measure the listening effort objectively, there is still no consensus in relation to the best index to assess this parameter.
Knowing the research and the instruments of objective assessment of the listening effort that have been used in the national and international scope is the first step for the training of the audiologist who works in this area and this domain will allow the choice of the best assessment method. In this way, the purposes of this article were to review the scientific literature and present the existing instruments and methods for the objective assessment of the listening effort in normal hearing individuals throughout the world.
METHODS
As living beings were not used, it was not necessary to approve this work by the Research Ethics Committee.
The present article presents as a method the integrative literature review, whose purpose is to gather and summarize the scientific knowledge produced in respect of the thematic investigated, allowing the evaluation and synthesis of the available evidence, collaborating for the development of this subject 14 . This review was performed according to the following stages: identification of the research question; search in the literature through the establishment of criteria, such as: keywords, inclusion and exclusion criteria; evaluation and analysis of the studies included in the bibliographic review; review presentation and knowledge synthesis 15 .
In order to guide the search and discussion of the studies, the following question was formulated: "What existing methods have been used to assess listening effort objectively in normal hearing individuals on the world scenario?". In order to obtain answers to this question, a collection of articles was performed in specialized national and international journals, both in English and Portuguese languages, available in the following databases: US National Library of Medicine National Institutes of Health (PUBMED), Cochrane Library, Biblioteca Vitual em Saúde -Literatura Latino-Americana e do Caribe em Ciências da Saúde (LILACS) and Scientific Electronic Library Online (SCIELO), specifically in each base and without limiting the search period.
In order to collect the articles, it was defined terms related to the "listening effort", found in the Descriptors in Health Sciences (Descritores em Ciências da Saúde -DeCS), in the Medical Subject Headings (MeSH) and, keywords related to the topic, combined among them with the use of the Boolean operators AND and OR. The terms chosen for the search were used in an isolated and crossed way ( Figure 1 ). In all searches the "word" filter was used.
Search number Words and descriptors crossed 01
Normal hearing 02
Audição normal 03
Listening effort 04
Esforço auditivo 05
Objective assessment 06
Avaliação objetiva 07
Pupillometry 08
Pupilometria 09
Heart Variability Frequency 10
Variabilidade da frequência cardíaca 11
Skin conductance 12
Condutância da pele Initially, the inclusion or exclusion of the articles was based on the information contained in the title and in the abstract, but if this information was not explicit in relation to the researched topic, the article was read for the fulfilment of the following inclusion criteria: articles that used objective methods to assess the listening effort in subjects with normal hearing. All articles about listening effort that used only self-report methods, questionnaires, subjective scales and dual-task paradigms were excluded; studies on assessment of listening effort in populations with hearing loss; studies with animals; articles to which only abstract and/or abstract were available, and literature review articles.
The analysis of the studies was initially based on the reading of the titles and abstracts, followed by the full reading of the articles that fit the selection criteria. Each article was evaluated by one of the authors and, in case of uncertainty, there was a consensus among all authors with respect the inclusion of the article.
Publications that were classified as eligible for this review were read by at least one of the authors. The main characteristics of the selected studies and the physiological indexes used to measure the listening effort were organized in a figure format.
For the data organization, the articles that resulted from each crossed term were computed, which were repeated in relation to the previous search and that were related to the present study.
In the analysis of the selected studies, the following data were considered: authors and purpose(s) of the research, country where the research was conducted, casuistry, physiological method employed and results.
LITERATURE REVIEW
From the search carried out in the PUBMED, Cochrane library, LILACS and SCIELO databases, 206 articles were found, and each article was presented in one or more databases. In the reading of the abstracts of these articles, those that had previously been selected in other databases, those that did not fit the inclusion criteria, and the journals to which complete articles were not available during the search period were excluded.
From this total of 206 articles, the abstracts were read and 56 articles were discarded because the participants had hearing loss, 16 because the texts were unavailable, 24 because they were studies whose assessment method of the listening effort was subjective, 69 did not address the listening effort topic, 18 due to duplicity, 4 were literature review studies and 1 was an experimental study developed with animals.
The synthesis of the articles that presents information about the authors and purpose(s) of the research, country where the research was conducted, casuistry, physiological method employed and results of the studies is shown in Figure 3 .
After this detailed analysis, 18 articles were selected that met the criteria established for this review.
The selection process of the studies included in this literature review is illustrated in the figure format ( Figure 2 ). The current article presents an overview of the studies that used physiological methods to assess listening effort objectively in subjects with normal hearing and their comprehensiveness on the world scenario. It should be emphasized that this review was conducted according to the guidelines for an integrative literature review, since it was not intended to evaluate the quality of the included studies, but describe the previous publications in order to provide an overview of the studies developed so far about the topic listening effort, and the measurement of this parameter in an objective way.
Specifically, the purposes of this review were to present the existing physiological indexes that are used to measure the listening effort in normal hearing individuals in the world scenario and to provide a synthesis of the results obtained.
Based on the analyzed studies, it was possible to infer that among the physiological indexes used for the listening effort measurement and presented in the reviewed articles, the level of skin conductance was demonstrated to be the most accurate and promising measurement in the quantification of this effort 7, 20 . Authors stated that the increase in skin conductance occurred due to excitation of the sympathetic nervous system as a consequence of the increase in the demand for the performing of the speech perception task 22 .
Physiological indexes such as heart rate, skin temperature 7 and pupillometry 17 did not undergo significant changes that proved the listening effort employed in the speech perception task in normal individuals.
However, a study reported that pupil dilation, noticed during the application of speech perception tests, especially in adverse situations, reflects the auditory and cognitive processes required for the resolution of the listening task 28 .
Another study investigated by means of the pupillometry if the processing effort of musicians and non-musicians is different. The results demonstrated that the musicians dispensed less listening effort when performing a speech perception task in different signal-to-noise ratios during the pupillometry recording probably due to their musical abilities 19 .
In the majority of the reviewed studies the population assessed was composed of young adults, being only a study conducted with a child population 17 . Purpose(s): To investigate in two groups of normal listeners whether the magnitude of event-related potentials increases in an irrelevant novel sound task as far as the difficulty of the task increases. The amplitudes of Novelty P3 and delayed positive potential were higher in the young than in the elderly, and with the increase in task demand, the Novelty P3 had more robust effects in young and the delayed positive potential in elderly. Therefore, the use of these potentials to measure listening effort is relevant, but different analyzes should be considered. Some authors state the relevance of conducting new research to determine the physiological aspects 21, 32 and the cognitive demands involved in speech processing in different signal-to-noise ratios, with acoustic stimuli that present distinct characteristics and, considering the emotional responses of the individuals assessed 21, 22 .
It is worth mentioning that two studies measured the listening effort both subjectively and objectively, and found that the difference of the methods used in the assessment represented differences in the cognitive processes involved 16, 20 .
Some studies measured the listening effort of normal hearing individuals with the use of long-latency auditory potentials 26, 30, 32 and the authors noticed that these measures were able to detect differences in the auditory cortical pathways when individuals performed the necessary listening effort to perform speech perception tasks, and even understand speech under distinct listening conditions such as in silence and in noise. A study that used the Event-Related Auditory Evoked Potential 26 as a listening effort index aimed to compare the performance of young and old adults. The analysis of the findings showed that the amplitudes of Novelty P3 and the delayed positive potential were higher in young people than in the elderly, and that with the increase of the task demand, the Novelty P3 presented more robust effects in the young people and the delayed positive potential in the elderly people.
The present literature review demonstrates that the physiological methods used to the listening effort measurement seem to be sensitive to different experimental conditions, and for this reason, new research that adopt other study designs in this measurement is required.
In addition, it is evident that studies in this area are relatively recent, since of the 18 selected articles, 72.2% [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] are from the last five years. It should also be noted that the analysis of the articles revealed the lack of national studies that measured the listening effort using physiological indexes as a method of measuring this parameter in both normal hearing individuals and hearing-impaired individuals. It is also worth noting that in the international literature 50% of the studies were conducted in the United States 7,17,20-22,29-32 , 22,2% in Netherlands 18,24,27,28, ,11,1% in Australia 6,23 and 5.5% respectively in Denmark 19 , Germany 25 , and Switzerland 26 .
In front of the relevance of studying and researching the cognitive processes involved in speech perception and its effort to understand it, it would be essential to continue the investigations that contribute to the discovery of the most accurate physiological index for the listening effort measurement, in order to benefit individuals with hearing loss in their speech comprehension process in daily situations.
CONCLUSION
This study presented a literature review about the physiological indexes most commonly used for the listening effort measurement of normal-hearing individuals, and it was concluded that there is no consensus among researchers with respect to the best physiological method to measure this auditory parameter, that is, this effort in the speech perception tasks, although the skin conductance level was considered the most accurate measure for this measurement.
